The objective of this study was to determine whether the cumulus oophorus cells surrounding the human oocyte release a factor(s) that stimulates sperm velocity. Medium from in vitro fertilization (IVF) that was exposed to cumulus/oocyte complexes was tested for its ability to stimulate sperm velocity by use of a computerized sperm motion analyzer. In subsequent experiments, primary cultures of cumulus cells, granulosa cells, and ovarian cancer cells were established, and conditioned medium from these cells was assessed for sperm velocity-stimulating activity. In the initial series of assays using four sperm donors, cumulus/oocyte complex-conditioned medium from IVF increased sperm curvilinear velocity and amplitude of lateral head displacement by an average of 12.3% and 19.3% (p < 0.0001), respectively, compared to medium from IVF that was not exposed to cumulus/ oocyte complexes. These results were confirmed in a subsequent, more extensive series of assays using a single sperm donor. Testing of conditioned media after 24 h of primary cell culture showed that cumulus-conditioned medium consistently stimulated curvilinear velocity (8.8% increase) and lateral head amplitude (18.7% increase) compared to unconditioned medium (p < 0.0001) in a manner similar to cumulus/oocyte complex-conditioned medium. In contrast, granulosa-conditioned medium and ovarian cancer cell-conditioned medium did not stimulate curvilinear velocity and lateral head amplitude compared to unconditioned medium. The ability of cumulus-conditioned medium to stimulate curvilinear velocity and lateral head amplitude declined gradually during the 5-day culture period. Nevertheless, the results indicate that the cumulus released velocity-stimulating activity throughout the culture period. It is concluded that cumulus oophorus cells released a factor(s) that stimulated both sperm velocity and amplitude of lateral head displacement. This finding is consistent with the hypothesis that the cumulus/ oocyte complex modulates sperm velocity and may have a role in fertilization.
INTRODUCTION
Possible modulation of sperm function by mammalian oocytes and their cellular vestments prior to gamete contact has received relatively limited attention [1] . However, the advent of human in vitro fertilization (IVF) and the importance of understanding the causes of infertility have spurred interest in this research area. At the same time, increased availability of human biological products including follicular fluid and oocytes with their cumulus oophorus cell vestments has made investigation of oocyte-sperm communication possible and has yielded some intriguing information. For example, although controversial, there is evidence that human follicular fluid may contain a factor that attracts spermatozoa [2, 3] . In addition, follicular fluid, which contains compounds produced by the oocyte and its vestments, increases sperm velocity [4] , hyperactivated sperm motility [5] [6] [7] , and penetration of zona pellucida-free eggs in the hamster egg penetration test [8] [9] [10] . Vigorous sperm motion is required for fertilization [11] . Sperm velocity has been correlated with penetration in the hamster egg penetration test [12, 13] and has been implicated as an impor-tant parameter in human fertilization and conception [14] . Therefore, follicular fluid stimulation of sperm velocity suggests that egg-associated factors could promote fertilization.
In a retrospective analysis of fertilization in our IVF program, we found significant correlations between fertilization rates and the ability of associated follicular fluids to stimulate sperm curvilinear velocity and amplitude of lateral head displacement (unpublished data). The putative factor(s) in follicular fluid that stimulates vigorous sperm motion could be released by the oocyte's vestments. For example, the forward motility of bovine epididymal sperm was enhanced by the addition of conditioned medium from cumulus cell cultures [15] , and other investigators have observed similar qualitative changes in hamster and mouse sperm after exposure to cumulus/oocyte complexes [16] [17] [18] . Solubilized intercellular matrix from human cumulus cells altered human sperm motion in a manner that could promote fertilization [19] . Consistent with these observations, human sperm that were manipulated individually with an optical laser trap were shown to increase their relative force after being treated with solubilized human cumulus oophorus intercellular matrix [20] . With regard to possible functional significance, numerous studies with hamsters have shown that cumulus cell factors promote sperm penetration of oocytes [21] [22] [23] [24] . The objective of the experiments in this study was to determine whether culture medium exposed to cumulus oophorus cells stimulates human sperm curvilinear velocity.
MATERIALS AND METHODS

Source of Cumulus Oophorus
Follicular recruitment for IVF followed a modified short GnRH agonist protocol that included administration of 1 mg per day of leuprolide acetate (Lupron; Abbott Pharmaceuticals, Montreal, PQ), beginning 8 days after an oral contraceptive was stopped (Demulen; Searle, Mississauga, ON). Coincident with the start of GnRH agonist administration, women received daily injections of 150-225 IU/day human menopausal gonadotropin (Pergonal; Serono, Mississauga, ON) to stimulate recruitment of follicles. Ovulation was induced with 5000 IU injections of human chorionic gonadotropin (Profasi; Serono) when at least two follicles reached 18-mm diameter and serum estradiol levels were 600-1000 pmol/L per follicle larger than 1.5 cm. Cumulus/oocyte complexes were retrieved for IVF by aspirating follicles larger than 1.0 cm in diameter by an ultrasound-guided transvaginal method as described [25] . Two to four cumulus/oocyte complexes were cultured in 1 ml of human tubal fluid culture medium (HTF; 24 mM Na-HCO 3 , 85 mM NaCl, 4 mM KCl, 0.4 mM MgSO 4 -7 H 2 0, 0.4 mM KH 2 PO 4 , 2 mM CaC1 2 2 H 2 0, 0.3 mM Na-pyruvate, 21 mM Na-lactate, 3 mM glucose, pH 7.35) plus 10% (v/v) human serum albumin. Before transfer to the culture dish, oocytes were washed 1-2 times with HTF. Three to five hours later, cumulus/oocyte complexes were inseminated with 150 x 103 motile sperm per culture dish. Just prior to insemination, the maturity stage of the oocytes was classified as immature, intermediate-mature, mature, or postmature on the basis of morphological characteristics including expansion of the cumulus oophorus and compactness of the corona radiata. Fertilization was assessed 20-24 h following insemination after excess cellular vestments were mechanically stripped from the gamete. Zygotes and unfertilized oocytes were then removed from these dishes, and their contents including the stripped cumulus oophorus were used in the experiments reported below.
Preparation of Spermatozoa
Semen samples were collected from donors of proven fertility after at least 48 h of abstinence, were allowed to liquefy, and were washed twice with Ham's F-10 medium (Gibco BRL, Grand Island, NY) plus 10% (v/v) pooled maternal serum (HF10) by use of centrifugation for 10 min at 400 x g. The resulting sperm pellet was resuspended in medium and placed beneath 1-2 ml medium in a 37 0 C incubator with 5% CO 2 atmosphere in air. The supernatant (swim-up sperm), which contained highly motile sperm, was aspirated 60-90 min later, diluted to 20 x 10 6 /ml, and held in the incubator for 2-6 h before use in the computerized motion assay.
Sperm Motion Assay
Sperm motion was measured by a computer-assisted semen analyzer (CellSoft, Version 3.0; Cryo Resources, New York, NY) that quantifies curvilinear velocity, linearity of the swimming track, mean amplitude of lateral head displacement, and beat/cross frequency. The following settings were used for the analysis: minimum sampling-motility: 4 frames; minimum sampling-velocity: 10 frames; threshold velocity: 10.0 pzm/sec; maximum velocity: 300.0 lIm/sec; threshold grey: 145; size: low, high: 4, 45; pixel scale: 0.688. Parameters for amplitude of lateral head displacement were as follows: minimum frames: 10; minimum velocity: 10.0 tLm/ sec; minimum linearity: 0.5. For simplicity, curvilinear velocity is referred to as "velocity" and lateral head amplitude is termed "head amplitude." To assess the effects of various test media on these parameters, sperm were diluted with medium in a ratio of 1:10 (v/v; test medium:sperm). Six microliters of the mixture was then placed in a Makler chamber (Irvine Scientific, Irvine, CA). After a 15-min coincubation in the chamber, sperm motion was analyzed on at least 200 cells. Each analysis required approximately 3 min. The change in each motion parameter caused by conditioned medium was calculated as a percentage of the sperm response to the same medium cultured without cells. In some cases for the sake of brevity, percent increases in velocity and head amplitude were summed, as were decreases in linearity and beat/cross frequency. Combining these measures of the changes in motion parameters is statistically valid because velocity and head amplitude were highly correlated as were linearity and beat/cross frequency as reported below.
Experimental Design
Three experiments were conducted. In the first experiment, cumulus/oocyte complex-conditioned medium from IVF culture dishes was tested in the sperm motion assay to determine whether this medium contained velocity-stimulating activity. In the first part of experiment 1, conditioned medium was tested with four fertile sperm donors. This experiment showed that sperm from all men responded similarly to the conditioned medium. In the second part of experiment 1 and all subsequent experiments, one of these sperm donors was used to minimize interindividual variation in semen quality and to provide a standardized, relatively uniform baseline for the assay.
Cumulus/oocyte complex-conditioned medium had been exposed to many types of cells including oocytes, cumulus oophorus cells, red blood cells, and spermatozoa used for insemination. Experiment 2 was therefore designed to establish whether the sperm velocity stimulation observed in experiment 1 could have been caused by cumulus cells. In experiment 2, primary cell cultures of cumulus oophorus were established and maintained for 4 days without change of the medium to determine whether velocity-stimulating activity accumulated in the medium. Velocity-stimulating ac- tivity declined with time in culture, so in experiment 3 the medium was changed daily to assess whether the activity was continuously released into the medium.
Conditioned medium for all experiments was stored at -70°C for up to 6 wk prior to testing in the sperm motion assay.
Testing of Conditioned Medium from IVF Experiment 1. For the initial experiment using four sperm donors, cumulus/oocyte complex medium was obtained from 11 women, and a total of 21 different medium samples were tested in the sperm motion assay. In the second series of experiments with a single sperm donor, conditioned HTF medium was assayed from one IVF culture dish from each of 30 women approximately 24 h after insemination. Conditioned HTF was centrifuged for 10 min at 3000 x g to remove spermatozoa, cumulus oophorus, and other cells, and the supernatant from each patient was then assayed for sperm velocity-stimulating activity. Unconditioned HTF medium that had been cultured but with no cells served as the control in this experiment.
Testing of Conditioned Medium from Primary Cell Culture Experiment 2. Effect of time in culture on stimulation of sperm motion (no medium change).
Cumulus oophorus cells from an additional 16 women were recovered 24 h after oocyte retrieval, washed to remove all extraneous cells (e.g., spermatozoa), and cultured in HF10, with the same stock used throughout the study. Clusters of cumulus oophorus cells were removed mechanically from each clump of cumulus that was associated with three or four oocytes obtained from the largest follicles. Cumulus clusters from each patient were pooled, washed thoroughly by pipetting gently in HF10 to remove excess medium and debris, and then plated together in one well of a 24-well plate (Becton Dickinson, Mississauga, ON) coated with a thin layer of extracellular matrix (Basement Membrane Matrigel; Collaborative Research, Lexington, MA). Plating density was 10-30 000 per well in 700 ilI of HF10. Conditioned medium from each patient was assayed separately for activity. Medium placed over Matrigel with no cells served as the unconditioned medium control.
Luteinized, mural granulosa cells and ovarian cancer cells were cultured to determine whether ovarian cells other than cumulus cells released sperm velocity-stimulating factors. Granulosa cells were obtained from follicular fluids aspirated from mature follicles of 6 women. Clear follicular fluids were centrifuged at 650 x g for 10 min, and the pellet of granulosa cells was resuspended and washed once more by centrifugation in HF10 before the cells were plated at densities comparable to those described for cumulus cells. Cells from a human ovarian cancer cell line of epithelial origin were washed and plated at the same density as cumulus cells.
Fifty microliters of medium was collected from each culture for four days and assayed for sperm velocity-stimulating activity. To determine whether the activity accumulated in the medium, the medium was not changed throughout the experiment. HF10 that was exposed to Matrigel, but not to cells, served as the unconditioned medium control in this experiment. 
Experiment 3. Effect of time in culture on stimulation of sperm motion (daily medium change).
Cumulus cells from an additional 13 women were cultured by thoroughly washing IVF culture dishes free of loose cells and sperm using HF10, discarding the wash medium, and covering the cells with HF10. The cumulus-conditioned medium was replaced daily with 700 1 of fresh medium to determine whether the cells released velocity-stimulating activity throughout the culture period. Daily samples from each patient were assayed individually for sperm motion-stimulating activity. On the basis of cell counts performed after Day 4 of culture, 20-30 000 cells were in each dish. HF10 that was not exposed to cells served as the unconditioned medium control in this experiment.
After 24 h of primary culture, conditioned media from cumulus, granulosa, and ovarian cancer cells were assayed for progesterone using RIA as previously described [25] .
Statistical Analysis
The paired t-test was used to compare data from matched control and experimental sperm motion assays. Correlations were sought using linear regression. Statistical significance was p < 0.05.
RESULTS
Conditioned Medium from IVF Experiment 1. Cumulus/oocyte complex-conditioned medium from IVF consistently stimulated sperm velocity and head amplitude while also decreasing linearity and beat/ cross frequency when compared to unconditioned medium that was not exposed to cumulus/oocyte complexes (p < 0.0001). Percent motility did not differ between conditioned medium and the unconditioned medium control.
Results were similar for conditioned medium that was assayed using either four sperm donors ( Table 1 , Fig. 1 ) or a single sperm donor ( Table 2 ). The initial series of assays indicated that cumulus/oocyte complex medium elicited a similar response from the sperm of each of the four donors. Sperm velocity increased in response to 20 of 21 medium samples, and lateral head amplitude increased in all assays. Conditioned medium caused decreases in linearity in 20 of 21 assays and elicited decreases in beat/cross frequency in all assays. On average, velocity and lateral head amplitude increased by 12.3 -1.6 (SEM) % and 19.3 1.5%, respectively, whereas linearity decreased by 10.9 + 1.2% and beat/cross frequency decreased by 8.1
1.2%. Since the sperm of all donors responded similarly, all subsequent assays were standardized by using the sperm of one of these donors.
In experiments using a single sperm donor, velocity increased in 28 of 30 assays, and head amplitude increased in all assays after treatment with cumulus/oocyte complex medium (Table 2) . Similarly, linearity decreased in 29 of 30 assays and beat/cross frequency in 28 of 30 assays. Compared to the unconditioned medium control, the average stimulation of velocity and head amplitude was 9.3 + 1.2% and 16.9 + 1.4%, respectively, whereas the decreases for linearity and beat/cross frequency were 12.2 1.1% and 7.4 0.9%. Because this medium was exposed to the oocyte, to corona radiata cells, to cumulus cells, and to the spermatozoa used in insemination, primary cumulus cell cultures were established to determine whether a motionstimulating factor(s) was released into the medium by cumulus cells.
Conditioned Medium from Primary Cell Culture
Sperm response to conditioned medium after 24 h of culture. Approximately 90% of the cumulus cells attached to the culture plate within 24 h. In general, the cells spread slightly but remained in discrete, slightly elevated mounds, thus reflecting the integrity of the extracellular matrix that is found in freshly ovulated cumulus oophorus. After 4 days in culture (5 days after oocyte retrieval), these mounds of cells flattened noticeably but were clearly anchored to the plate. There was no evidence of mitotic activity during the culture period.
Sperm response to cumulus-conditioned medium collected after 24 h of culture showed no significant difference between the two culturing methods used in experiments 2 and 3. Therefore, the sperm motion data for Day 1 from these two experiments were combined for the following analysis. The response of sperm to Day 1 cumulus-conditioned medium was similar to that observed with cumulus/ oocyte complex-conditioned medium from IVF (Table 3 , Fig. 2 ). For example, velocity and head amplitude increased in all assays and by averages of 8.8 + 0.9% and 18.7 1.6%, respectively, in Day 1 cumulus-conditioned medium compared to unconditioned medium (p < 0.0001; Fig. 2 ). Changes in velocity and head amplitude were highly correlated (r = 0.83, p < 0.0001). In contrast, granulosa-conditioned medium and ovarian cancer cell-conditioned medium did not cause increases in velocity and head amplitude compared to unconditioned medium. Thus, after one day of culture, cumulus-conditioned medium consistently elicited strong stimulation of velocity and head amplitude whereas granulosa-conditioned medium and ovarian can- cer cell-conditioned medium did not. These findings suggest that cumulus cells, but not granulosa or ovarian cancer cells, released a factor(s) into the medium that caused these changes in sperm motion.
Linearity decreased in all assays by an average of 13.6 + 1.0%, and beat/cross frequency declined in 27 of 29 assays by 8.6 0.9% when sperm were treated with Day 1 cumulus-conditioned medium and the response was compared to unconditioned medium (p < 0.0001) ( Table 3 , Fig. 2) . Therefore, linearity and beat/cross frequency responses were comparable between Day 1 cumulus-conditioned medium and conditioned medium from IVF. In addition, changes in these parameters were correlated (r = 0.54,p < 0.01). Sperm treatment with Day 1 granulosa-conditioned medium resulted in decreases in linearity (4.5 ± 1.2%) and beat/cross frequency (3.8 ± 1.3%) compared to unconditioned medium (p < 0.05), but these were approximately one-third the magnitude of decreases induced by cumulus-conditioned medium. Sperm responded to ovarian cancer cell-conditioned medium with increased linearity but with no significant change in beat/cross frequency. These results differed when compared to the pattern for velocity-stimulating activity, because both cumulus and granulosa cells apparently released a compound(s) that decreased linearity and beat/cross frequency.
Progesterone was measured by RIA in the cumulus-conditioned medium from 29 patients after Day 1 of culture. Unconditioned medium, cancer cell-conditioned medium, and granulosa cell-conditioned medium were also assayed for progesterone. Progesterone was not detected in unconditioned medium or in ovarian cancer cell-conditioned medium. Progesterone concentrations were 495 104 (SEM) ng/ml in cumulus-conditioned medium and 405 + 125 ng/ ml in granulosa-conditioned medium and were not statistically different. Progesterone concentration in cumulusconditioned medium was not correlated with changes in velocity or head amplitude, but progesterone levels were inversely correlated with decreases in linearity (r = -0.38, p < 0.05) and beat/cross frequency (r = -0.49,p < 0.01). Progesterone concentration in granulosa-conditioned medium was not correlated with changes in motion parameters.
Experiment 2. Effect of time in culture on stimulation of sperm motion (no medium change).
In this experiment, the culture medium was not changed in order to determine whether the sperm-stimulating factor(s) accumulated. Compared to unconditioned medium, cumulusconditioned medium stimulated velocity and head amplitude as well as reducing linearity and beat/cross frequency even on Day 4 of culture (Table 4) . There was a decline in both velocity-stimulating activity (velocity+head amplitude) and in linearity-decreasing activity (linearity+beat/cross frequency) relative to the control as indicated by significantly lower activity on Day 4 than on Day 1 (Fig. 3, a and  b) . These data suggested that the velocity-stimulating activ- ity released by cumulus cells was degrading, being adsorbed, or being metabolized by the cells. It was therefore unclear whether velocity-stimulating activity was being produced only on Day 1 and being lost or whether the activity was produced throughout the culture period. Velocity and head amplitude were not stimulated by granulosa-conditioned medium during the culture period (Table 4 , Fig. 3a ). Linearity and beat/cross frequency decreased after treatment with Day 1 granulosa-conditioned medium (Figs. 2 and 3b) whereas the response to Days 2-4 was not statistically significant and was highly variable. Sperm motion in response to ovarian cancer cell-conditioned medium was not different than the control during the culture period.
Experiment 3. Effect of time in culture on stimulation of sperm motion (daily medium change).
To evaluate whether the cumulus cells were producing velocity-stimulating activity throughout the culture period, the medium was changed daily after the first day of culture and was assayed for activity. Compared to unconditioned medium, cumulus-conditioned medium stimulated velocity on every day of culture and showed a significant temporal decline, reflecting a pattern similar to the one observed without daily media changes (Table 5 , Fig. 4 ). However, there was one notable exception. On Day 3 of culture, velocity-stimulating activity rose significantly compared to the previous day. Considered together with the occurrence of significant velocity-stimulating activity in cumulus-conditioned medium within 24 h of each media change, the increase in this activity on Day 3 provides persuasive evidence that the cells continued to release the activity throughout the culture period. Decreases in linearity and beat/cross frequency followed a pattern that closely paralleled the changes in velocity-stimulating activity, thus suggesting that the velocitystimulating activity contributed to decreases in these motion parameters.
DISCUSSION
Our cell culture experiments demonstrated that cumulus oophorus cells released a factor(s) into the medium that stimulated sperm curvilinear velocity and amplitude of lateral head displacement. These motion parameters are the primary determinants of the force generated at the sperm head [26] , so our findings are wholly consistent with the report that human sperm trapped by an optical laser responded to solubilized cumulus extracellular matrix by greatly increasing their relative force [20] . In the present study, the velocity-stimulating factor(s) apparently was metabolized, adsorbed by the cells, or degraded because there was a significant decline in this activity during culture. Our experiments also indicated that velocity-stimulating activity was continuously released by the cumulus cells throughout the culture period, but we found no evidence that comparably cultured granulosa cells or ovarian cancer cells released velocity-stimulating activity. Cumulus and granulosa cells secreted similar amounts of progesterone, suggesting that both types of cells were functioning normally. Further, our data support the interpretation that cumulus-conditioned medium may have contained more than one factor that altered sperm motion. Velocity-stimulating activity was apparently released only by cumulus cells, yet both cumulus and granulosa cells released a factor(s) that decreased linearity and beat/cross frequency. The most likely explanation for these observations is that one factor affects primarily velocity and lateral head amplitude, and another factor affects linearity and beat/cross frequency.
Cumulus cells or their products have frequently been implicated in the motility activation of mammalian sperm [15] [16] [17] [18] , including human [19, 20] . The progressive motility of bovine epididymal sperm was stimulated by a factor(s) released by bovine cumulus cells but not by the oocyte [15] . Also, human sperm responded to solubilized cumulus intercellular matrix with increased progressive motion that was most pronounced in a subpopulation with exceptionally high curvilinear velocity [19] . This subpopulation also exhibited increased linearity and beat/cross frequency, and it therefore contrasts with the decreases in these motion parameters in response to cumulus-conditioned medium in this study. The reason for the differences between studies is uncertain, but perhaps cumulus-conditioned medium contained a motility factor other than those in solubilized intercellular matrix. To our knowledge, previous investigators have not assessed the motility-stimulating effects of other cells of ovarian origin. In this regard, the present study provides evidence that a velocity-stimulating activity appears to be specifically related to cumulus cells and not to other similar cells of ovarian origin. Our experiments do not exclude the possibility that the oocyte also releases the velocity-stimulating activity. Cumulus cells are derived from mural granulosa cells, so the production of a velocity-stimulating activity by the derived cumulus cell, but not its progenitor, suggests that the activity has evolved for a specific function probably associated with post-ovulation events.
The biochemical nature of the velocity-stimulating activity is presently unknown. Progesterone may elicit sperm hyperactivation under certain conditions [27] . However, in this study cumulus and granulosa cells produced progesterone in similar concentrations, thus suggesting that the velocity-stimulating activity is not this steroid. In addition, progesterone concentration in cumulus-conditioned medium was not correlated with changes in velocity or lateral head amplitude. In contrast, progesterone concentration was correlated with decreases in sperm linearity and beat/cross frequency. This finding suggests that progesterone could have contributed to the decreases in linearity and beat/cross frequency that were observed when sperm were treated with cumulus-conditioned medium and granulosa-conditioned medium.
The velocity-stimulating factor may play an important role in fertilization. Fertilization can be viewed as a complex, but highly coordinated, biochemical interaction between the male and female gametes [1, 21] . One possible function of the velocity-stimulating factor(s) is to coordinate optimal oocyte fertilizability [1] with vigorous sperm motion in order to promote fertilization. Consistent with this suggestion, fertilization rates were correlated with the ability of the associated follicular fluids to stimulate curvilinear velocity and lateral head amplitude in a recent retrospective analysis in our IVF program (unpublished data). It was therefore proposed that egg-associated velocity-stimulating activity may have promoted fertilization by improving sperm penetration of the oocyte's vestments. Higher levels of vestment penetration (fertilization) are consistently associated not only with follicular fluid but also with the cumulus. It has been repeatedly demonstrated that a cumulus oophorus factor(s) increases hamster sperm penetration of intact hamster eggs [21] [22] [23] [24] , and fertilization in a human IVF study was higher when cumulus cells were left intact rather than mechanically removed [28] . Although these observations may derive from the velocity-stimulating activity's effect on fertilization, it is surely only one of several cumulus-associated factors that alter sperm function. As our knowledge of oocyte-sperm interaction expands, it is anticipated that the velocity-stimulating activity will be found to act in concert with other cumulus/oocyte-associated factors, such as acrosome reaction-inducing factors [22] , that may promote fertilization. For example, progesterone induces the acrosome reaction [29] , and cumulus cells may "soften" the zona pellucida, thus facilitating fertilization [30] . Therefore, the velocity-stimulating factor(s) is one potential member of a cohort of oocyte-associated compounds that may promote fertilization.
